Unit 8: Equilibrium Unit Review

1. Predict the effect of increasing pressure on the position of equilibrium in the following systems:
a. CHa(g) + 2H,0(g) <> CO,(g) + 4H,(g)

5 s+ b lett

b. N,Os(g) + NO(g) € 3NO,(g)

Z 2 shir Dleft

c. NO(g) + NO,(g) €-> N,0Os(g)
2 |

3n, 1o ngnt

2. Predict the effect of increasing temperature on the position of equilibrium in the following systems:

a. NO(g) + NO,(g) € N,0s(g)+ \nept AH = -40 kI mol™

e Shirdo left

b." CHa(g) + H,0(g) €~ CO(g) + 3H,(g) AH = +206 kJ mol™

shift to gt

c. CO(g)+2H,(g) €~ CHaoH(gmaT AH = -90 kJ mol™

snfz 1o ket

3. Predict the effect of the following changes on the position of equilibrium:
a. Removing the CO, from the equilibrium:
CaCOs(s) € Ca0(s) + CO,(g)

S\wéx 1o nght

b. Adding acid (H") to the system:
NH," €= H* + NH,

shfy fo left

c. Adding sodium hydroxide to the following system:
CH;COOH(aq) €= CH5COO0 (aq) + H'(aq)

Shits 1o gt
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d. Adding sodium hydroxide to the following system:

a. NO(g) + NO,(g) €-> N,0Os(g)

31,(aq) + 3H,0(l) € 5HI(aqg) + HIOs(aq)

Shvr o gnt (Maw wil veaet | HI)

4. Write expressions for the equilibrium constant for the following reac[iins:

_ LNo0,
C~ (NDICNOS

. CHy(g) + H.0(g) €~ CO(g) + 3H,(g) U)} L{—\ ﬂ
he™ ComItH {cuzg e THAD]

. 2H,0(g) € 2H,(g) + O,(g) K - CH):S LO}]
c L HaD3*

. 4NH3(g)+5oz(g)ee4N0(g)+6H20(g)[ND 4 H D L
he= (NW F‘[og 5

. 2NO(g) + O,(g) €~> 2NO,(g)

K, (ND,§ ND,T
- [Nﬂz (051

5. Explain the effect of the stated changes in conditions on the position of equilibrium and the value of the
equilibrium constant. In each case state whether the value of the equilibrium constant increases, decreases, or
stays the same.

a. Increasing pressure in: CH,(g) + H,0(g) €2 CO(g) + 3H,(g)

AH = +206 kJ mol™

st to left, nd etfedt onke

b. Increasing temperature in |\(¥H4(g) + H,0(g) € CO(g) + 3H,(g)
AH = +206 kJ mol™

N las ngWr) Ve noreases
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. Decreasing temperature in: H,0(g) + CO(g) €<= H(g) + CO,(g) ‘\'M{'
AH = -40 k) mol™

shift 10 rgnt, Ve woreases

. Increasing concentration of H, in: N,(g) + 3H,(g) €= 2NHj;(g)

AH =-92 kJ mol™

S o gt Ke o charge

. Increasing pressure in: N,(g) + 3H,(g) €~ 2NH;(g)

AH =-92 k) mol™

gt 1o rnt) Lo o Carge

. Introducing a catalyst into the reaction: 250,(g) + O,(g) €~ 250;(g)

AH =-197 k mol™

M St NoChange in Yo

ta

6. Hydrogen for the Haber process can be produced by the reaction between methane and sMHAg) + H,0(g)
<> CO(g) +3H,(8) 4 AH = +206 kJ mol™
State whether each of the following changes in conditions would: (i) increase, decrease, or have no effect on the
yield of hydrogen; and (ii) increase, decrease, or not change the rate of the reaction.
a. Increasing the pressure

Morease The o Yield, ncresse (L

b. Increasing the temperature

nexesse e e Ha, Incianse o (652

c. Introducing a catalyst

(o Cange O yud INcise Y vade
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OLD IB EXAM PROBLEMS
7. Which of the following is a property of a system at equilibrium?
a. The concentrations of reactants and products are equal.
b. The rate of the forward reaction is zero.
The rate of the forward reaction is equal to the rate of the reverse reaction.
. The rate of the reverse reaction is a maximum.

8. Consider the reaction:
CO,(g) + 4H,(g) €2 CH4(g) + 2H,0(g)
What is the expression for the equilibrium constant?
d K. = [CO,][H,] / [CH,][H,0]
Ke = [CH4][H20]%/ [CO,][H,]*
c. K¢ =[CHs][2H,0] / [CO,][4H,]
d. Kc=[CHa] + [H,0° / [CO,] + [H,)*

9. In ywhigk syste ill decreasing the pgSsure increase the equilibrium concentration of the species in bold?
a Ha(g) £2H,0(g) <= GO,(g) + 4H,(g)

b N.Os(g) + NO(g) <72 3NO(g)

. H .(g) €2
e, VP Avmore gas peles
\

10. What is the effect of increasing the temperature on the position of equilibrium and the value of the equilibrium
constant for the reaction:

CO(g) + 3H,(g) €~ CH4(g) + H,0(g) \’Mf' AH =-206 kJ mol™
Position of equilibrium Value of K
Shifts to left Decreases
b. Shifts to right Decreases

c. Shifts to right Increases
d. Shifts to left Increases

11. Consider the system:
A(g) €~ B(g)
What is the effect of introducing a catalyst?
a. The rate of the forward reaction increases but the rate of the reverse reaction remains the same.
The position of equilibrium is shifted to the right.
@The time taken to reach equilibrium is decreased.

The value of the equilibrium constant is reduced.
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12. Which of the following changes will increase the equilibrium yield of ammonia according the the following
equationl(. 2-

N3H2(g) <> e \neat AH = -92 ki mol*

Decreasing the temperature from 200°C to 100°C
0. Introducing a catalyst
c. Decreasing the pressure from 200 atm to 100 atm
d. Increasing the temperature from 100°C to 200°C

13.
a. Explain what is meant by dynamic equilibrium.

Lone . dloveadr+ projuds vemaun constint & yre
b. Consiger the following system at equilibrium: ,%( - M Db M&(}
W*HZ(g) CO,(g) €~ HZO(g)?fCO(g) AH = +41 k) mol™ \mrd Y e r
State and explain the effect of the following changes on the position of equilibrium and the value of the
equilibrium constant.

i I:cregi;i\t‘fieq’ie;nperatureat\cc')nst{a’atpressm as ng W’&uab
2\ Mm\b VoachoN -
o A WUL Inerease stncethe cont. 05 P

ii. Increasing the pressure at constant temperature.

: E‘Kk posthon dsnt Change since ols gAs
L
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-
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14. Consider the reaction:
N,(g) + O,(g) €= 2NO(g)
a. Write an expression for the equilibrium consfant for this reaction.

g, = SN0
C NS0



Unit 8: Equilibrium Unit Review

b. The value of the equilibrium constant for this reaction at 700 K is 5x10*, but the value at 1100 K is
4x10°®. Use these values to state and explain whether this reaction is exothermic or endothermic in the
forward direction as written.

W intreased as heat was odded. SO
veaohon N mm'm\t,

15. Consider the n betwee urless N,O4 and brown NO,:
N,O.(g) €~> 2NO (g) AH 58kJm I
a. Write an expression for the Ib um constant for this

Kc [MDE
[/\rg\Dtlj

1 et oo pdde ) endptnumic
(uchon Yhe o duechon 1< fiores
0 Y Fluhon wid. become. brown

c. State and explain the effect of in sing the pre n the colour of the equilibrium mixtur
I of the equilibrium c
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